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The Ames centrifuge, carrying an instrumented capsule, will study the physiological changes in animals and humans.

AEROSPACE

gt;dying the effects of gravity

The centrifuge at NASA’s Ames Research
Center will produce up to 50 g’s to
explore effects of gravity changes

by Everly Driscoll

The force of earth’s gravity, univer-
sal and inescapable, is unique among
the forces influencing terrestrial life. Yet
very little is known about its effect on
biological systems. For hundreds of
years, scientists have speculated about
the physiological changes which might
result from extensive periods under in-
creased or decreased gravity, but little
experimentation was either possible or
necessary until men began to fly. Even
then, the effects of increased g loads on
pilots were often treated symptomati-
cally without much understanding of
the nature of the effects themselves.

Within the past decade however, the
prospects of travel to other planets,
where gravity could be several times
that of the earth, and the plans for
extended space-station living under con-
ditions of zero gravity, have made re-
search in gravity effects more urgent.
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The apparently reversible effects of
weightlessness on Gemini and Apollo
astronauts and Soyuz cosmonauts—
stability problems, transient blood ab-
normalities, increased white-cell and
decreased red-cell counts, abnormal
red-cell proteins and bone-calcium and
muscle-nitrogen deficiencies—provided
some data. Despite this input, however,
and additional bits and pieces of in-
sight gained from animals and plants
exposed to weightlessness for varying
periods of time, space-flight doctors are
still looking for more complete infor-
mation.

They have felt the need for some
kind of earth-bound simulator that
would permit them to draw some gen-
eral conclusions about the real-time
effects on living things of changes in
gravity.

Although true weightlessness cannot

be simulated for long periods on earth,
increased gravity levels can be simu-
lated in centrifuges. The Navy and Air
Force have been using such instruments
for years to explore pilot ability to
function under the increased g loads
which occur in flight. The National
Aeronautics and Space Administration
uses large centrifuges at the Manned
Spacecraft Center in Houston, in which
astronauts train for the six to seven
g’s of launch and reentry into the
earth’s atmosphere.

Such training and post-exposure
examinations have led to the develop-
ment of protective gear and an under-
standing of some momentary effects.
But scientists would still like to know
in real time exactly what is happening
to body functions and systems during
exposure to abnormal gravity. For a
study of the effects of increased g loads
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. . . centrifuge

scientists use a variety of centrifuges.
And by the beginning of 1971, engi-
neers at NASA’s Ames Research Center,
Moffett Field, Calif., hope to have in
operation a centrifuge capable of tak-
ing animals up to 50 g.

But for zero gravity, where much of
the concern is focused now, there is
not much to be done. Zero gravity can-
not be effectively simulated for ani-
mal research.

The next best thing, short of a space
laboratory, is to extrapolate: Accus-
tom animals to high gravity and then
take them down to normal earth grav-
ity as if they were going from normal
g to zero. According to Dr. Jiro Oya-
ma, chief of the physiology branch at
Ames, this is one way of simulating
the physiological effects of zero gravity.

Using a 52-foot-diameter animal cen-
trifuge which can run constantly for
years with only intermittent stops, Dr.
Oyama has raised entire generations of
rats and mice under increased gravity.
From these experiments he has found
that the time required for animals to
adapt to increased g is less for young
animals than for mature ones; that
smaller animals such as mice are more
capable of reproducing when exposed
to increasing g than the larger ones;
that a rat’s life span may be increased
—some have lived as long as four years
on the centrifuge—and that the in-
creased g does not appear harmful to
either species when the exposure is ex-
tended over prolonged periods of time.

Dr. Oyama is now extending his
studies to larger animals.

During the past year, pedigreed dogs
have been exposed in his centrifuge to
gravity more than twice that of the
earth’s. Although the dogs did not
show the initial body temperature vari-
ations that occurred temporarily in rats,
they did show a sex-linked reaction dif-
ferential: The male dogs tolerated the
increase better than the females and
were able to gain weight.

The most significant change, how-
ever, was in the bone and heart masses
of the dogs. These masses increased as
much as 25 to 30 percent after three
months on the centrifuge. After the
dogs were removed for one month,
they still showed an increase in bone
and heart mass, but the increase was
less than that found in dogs right off
the centrifuge. The experiment has been
repeated several times with the same
results. More research, however, is still
in process. One question to determine
is whether the bone and heart mass
would ever return to the sizes of the
dogs that had not been centrifuged.

“What we are trying to do,” says
Dr. Oyama, “is examine quantitative
increases or decreases in biological
functions. We hope to get some basic
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Oyama: Raising generations of rats and mice under increased gravity.

relationships established between a wide
variety of physiological functions as
related to changes in gravity in order
to provide us with predictive effects of
long-term low gravity exposures.” Al-
though the study with the dogs provides
only basic information, Dr. Oyama
feels that the results do have relevance
to possible weightlessness effects on
man. Astronauts have experienced a
bone density loss after space flights, due
most likely to calcium loss, perhaps the
obverse of the effects of excessive grav-
ity on the dog’s skeletal structure.

The detailed work on extrapolation
to zero g, however, is still to be done.

“We just don’t know that much about
the effects of gravity or the peculiarities
in humans for which gravity might be
responsible,” says Dr. Joseph F. Saun-
ders, chief of environmental biology of
NAsA’s Office of Space Science and Ap-
plications. “Although it is not likely
that the effects of going from two or
more g to one g can be extrapolated
precisely to those effects from one to
zero g,” he says, “it is quite possible
that we may be able to predict certain
metabolic changes based on our studies
with high g effects.”

Officials responsible for manned
space flights, on the other hand, are
less interested in the centrifuge data.
They prefer to extrapolate from the
effects of one manned flight to another:
physiological results of weightlessness
from the 14-day Gemini flights, for in-
stance, are being used to extrapolate
what will probably occur in the 28-day
Skylab flights planned for 1972.

Some of the questions may begin to
be answered in January when the 50-g
centrifuge goes into operation at Ames.

This 10-year-old, $9 million project will
permit scientists to use standard medi-
cal laboratory equipment for real-time
observations of physiological changes
in both animals and humans. The cen-
trifuge will be able to carry a 2,000-
pound Apollo-type capsule, including
crew and equipment, up to 20 times the
force of earth’s gravity; it will carry
animals and equipment up to 50 g.

Using the instrument-equipped cen-
trifuge, scientists will be able to meas-
ure brain waves, breathing processes
and heart and visual responses to in-
creased gravity at the time they are be-
ing affected. “If we can understand
what is bothering the pilot above 12 g,”
explains George Rathert, chief of the
simulation sciences division at Ames,
“we can either develop equipment, or
modify the control tasks he has to do.”

The Ames officials believe the 50-
g centrifuge will answer their needs for
some time to come. “This project rep-
resents significant advances beyond ex-
isting equipment,” says Rathert. “Its
combination of speed and size has not
been duplicated anywhere that we are
aware of.”

Most centrifuges are designed as
closed-loop systems which drive the cab
in a preset pattern. But in the new
Ames machine, the motion systems are
all designed to respond to the control
input from a human pilot. Other inno-
vations include the use of the hydro-
static bearing to support the weight and
react to the forces developed as the
gimbals are used. It will also carry a
complete environmental system capa-
ble of simulating airplane operations up
to an altitude of 100,000 feet.

The 50-foot arm of the machine is
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Centrifuge: 52-foot four-year

Rathert: Studying what bothers pilots.

run by a 230-ton dc motor; it can
produce 5.58 million foot-pounds of
torque, and has a peak horsepower ca-
pability of 18,800. The speed of rota-
tion on the 35-foot-diameter bearing
is greater than 60 miles per hour.

When the centrifuge was first
planned, engineers wanted to devise a
machine that would produce the most
in flight simulation, except for weight-
lessness, that would ever conceivably
be needed for flights to Jupiter or
Mars and back—the last word in cen-
trifuges.

The 50-g machine may give them
everything they want. But whether they
will be able to carry Oyama’s work for-
ward, extrapolating back to zero g,
and whether even if they do they can
sell their results to the manned space
flight people, remain the kind of ques-
tions NAsA usually regards as “open.” O
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PRICE BREAKTHROUGH IN LARGE SIZE

OPAQUE PROJECTOR

“‘Best Opaque of its Kind Under $200"°

Projects brilliant, sharp 4, foot square image from 8 feet away using up
to x 5” color,

Enlarges drawings, blueprints,
Revolutionary lighting system gives maximum prighgncss, re-
tains entire field in focus. Features high speed, 200mm anastigmatic projec-
(£3.5, 8”F.L.); powerful peanut-size quartz halogen lamp
life) ; unique internal reflecting system. (‘an be used upside down—copy held
flat by magnetic platens. Turboblower cooled. Tough plastic case. 5% ft. cord.
Stock No. 71,272Q

LANDINGS, SPACE FLIGHTS, CLOSE-UP! .- - @
QY

® TOP QUALITY!

Retains all original colors and pro-
stamps,

b & w illustrations.

watercolors, pictures, coins,

(50hr,

Lo (8%” x 6”7 x 12%2"—I1¥2 Ibs.) ___, $89.75 Ppd.

SET OF SEVEN MIGHTY MINI-LABS
! &

Seven separate science kits

offered in one low-cost
\t’ 2o
-
f

package even the youngest
child will really enjoy.
Not only lots of fun but

Iv extremely educational.

~ v Easily teaches basic sci-
A entific  concepts  while

;i . building actual working

= pinhole camera, electric
motor,  double - platform

balance, transparent flash-
light, hydraulic pump, push-button bell, even simple
Galilean telescope. Derfect for lecture series. Avail.
individually—total $12.49. Most $1.98 each.
Stock No. 71,298Q ________________________ $10.50 Ppd.

Amaze your friends—loads
of fun—perfect for Science
Fair. Water actually flows
up zide of glass & sinhons
freely into other container.
To stop flow—cut with
scissors -— watch it snap
back. Secret’s in special
additive with long molecu-
lar structure—1% tsp. to
glass. TFriction

. additive has industrial,
agricultural uses—a pinch makes gold fish swim faster,
3 oz. can treats 84 pints.

Stock No. 41,086Q $2.00 Ppd.

NE'L. BUZZ . . . ond vou
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See close-up for yourself
man’s greatest adventure.
30 full color super_ slides
vividly show Apollo II
journey in amazing de-
tail from ‘‘blast-off”" to
‘“News Conference.” 28
history making shots in
between include ‘‘Earth-
rise,”’ cratered lunar land-
scape, Armstrong descend-
. . ing to lunar surface, man’s
footprint in virgin soil, classic “‘portrait-within-a-por-
trait’* of Armstrong’s reflection in Aldrin’s facemask, im-
planting the flag, and much, much more. Really worth-
while . . . even if you don’t have a projector.

Stock No. P-41,260Q ______________"________ $6.00 Ppd.

BIG BOOM & FLASH CANNON

Perfectly safe giant noise-
maker for sports, games,
the 4th and just plain
fun  produces  brilliant
/ flash and loud bang. Com-
pletely harmless—no gun
powder, matches or re-
coil.  Easily operated.
Beautiful reproduction of
regular Army mm
cannon in hefty cast iron.
“Ammo’’ is pulverized
Bangsite combined with water in cannon producing harm-
less gas. Cannot be ignited by hottest flame or heaviest
concussion. Incl. ammo for 200 shots, inst. Wt. 214 Ibs,

Stock No. 70,898Q ___ $6.95 Ppd.
EXTRA AMMO (Abou
Stock No. P41,005Q $1.30 Ppd.

EASY NEW FUN WAY TO LEARN EDP!

Unique new game of skill
and chance from the fas-
cinating world of com-
puters. Easily learn skills
and speed of EDP. Think
and talk like a computer
programming expert after
only two rounds. Out-
maneuver your opponent
with real ‘“flow charts.”
Use simple math to
“‘bug’’ other players or to
recover from an ‘‘interrupt.”” Could lead to a program-
ming career. 200 pieces

Stock No. 71,259Q $6.95 Ppd.

BLACK-LIGHT MIGHTY MITES
Relatively small (12’)
¢ fistures give surprisingly
bright blacklight. Mirror-
% finished reflector makes
psychedelic decors, holi-
day decorations. Shockproof end-caps remove for safe,
easy replacement of bulb and starter. Stands upright or
horizontal. Aluminum case.

instant starting 8-watt,
high-intensity bulb look
like 40-watter. Up to
5,000 hours of safe, long-
wave (3660A) black-light
to really turn-on parties,
light & theatrical shows,

Stock No. 71,274Q . ____ $14.95 Ppd.
DELUXE OUTDOOR/INDOOR MODEL
Stock No. 71,299Q . ____________ $19.95 Ppd.

ORDER BY STOCK NUMBER * OPEN ACCOUNT

EDMUND SCIENTIFIC CO.

CHROMATIC ““MACHINE-GUN"’ STROBE

Red, Green, Blue &
White light barrage the
eyeballs every 6 seconds
with this low-cost me-
chanical strobe that can
run continuously without
fear of burning up. Dev-
astating effects over 500
ft. sq. area. Created by
rotating color wheel in
front of 100W, 220v re-
flector floodlamp (incl.)—
clements seem to flash on & off as colors fluctuate. Turns
store windows, posters, parties into flashing, pulsating
productions. Convection cooled. Walnut cabinet. Brass
handle. Reg. house current.

Stock No. 71,271Q _. (9 x 10 x 6%'") .. $28.50 Ppd.

AMAZING "“TRICK’ PHOTOGRAPHY KIT

New any amateur can pro-
duce all kinds of weird,
wild, way-out photo ef-
fects. No special knowl-
edge or equipment re-
quired. Unique kit enables
you to turn friends into
monsters, show house with
water to 2nd floor, make
psychedelic slides, kaleido-
scopic photos. impression-
istic photo-art . . . -
limited possibilities. Complete instructions reveal the
secrets . . . includes all accessories needed.

Stock No. 71,229Q _______________ - $10.50 Ppd.

HOT-AIR FLYING SAUCER KIT
Giant 9 ft. model rises
to amazing heights. Easy
to assemble and launch.
Use over and over. Low
cost. Lots of fun. Can
carry % 1h. objects with
string tether. Fly school
colors at games, use for
advertising, attach mir-
ror—play “‘spy in the
sky.”” Includes complete

I\
instructions, 16 pre-cut

#1 white model paper gores, 8 red panels for portholes,

wire, cord. Easily repaired if damaged.

Stoek No. 71,175Q ________________________ $3.00 Ppd.
9 FT. HOT-AIR BALLOON KIT

Stock No. 60,691Q ________________________ $2.00 Ppd.

BATTERY POWERED GYROSCOPE
For the first time—have o
the fun & enjoyment of
a gyro without bother of
constant string winding &
pulling. 5” diam. flying-
saucer shaped. Spins on
its edge, upsidedown, on
your head, hanging from
a string, drives rocket
car, races around a ring ‘
. . . you'll be amazed at
its performance. Even
flipping switch to off is an experience—speeds up to a
blur . . . for almost 3 minutes without power. Terrifie
accessories including rocket car, pedestal, 9* diameter,
orbit ring, ring pedestal, cap, chain, loop, instructions.
Batteries not included.
Stock No. 71,161Q

$6.00 Ppd.

JUST PRESS . . . and colors bloom!
Liquid crystal pressure
disc puts world of color
under your thumb. Just
press . . . and presto—
full spectrum of colors
magnically bloom in ever
changing shapeless pat-
terns. More pressure—
deeper the color. Change
viewing angle — colors
change again. The se-
cret’s the amazing liquid
crystals—sealed in vinyl & 3” sq. Plexiglas® disc. Look
like liquid—have structure of crystal. Great conversation
giece, fantastic coaster, your own portable ‘‘wet show.’’
tock No. 41,272Q $3.00 Ppd.

MAIL COUPON FOR GIANT FREE CATALO

148 Pages! More than 4,000
UNUSUAL BARGAINS!

Huge selection of telescopes, micro-
scopes, binoculars, magnets, magni-
flers, prisms, photo components, parts,

kits, accessories—many hard to get
bargains. Mail coupon for
REE Catalog “‘Q.”” EDMUND SCI-

., 300 Edscorp Building,
Barrington, N.J. 08007.
Name

Address
City State Zip
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TO RATED FIRMS * MONEY-BACK GUARANTEE

300 EDSCORP BUILDING
BARRINGTON, NEW JERSEY 08007
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